As a part of the development of a sensitive fluorometric assay for the activity of carboxypeptidase A,bimane-peptides containing tryptophan,i.e.,S-[9,10-dioxa-syn-(methyl,methyl).-(methylene,methyl)-bimane]-thioglycoly1-(glycyl)-L-tryptophan and O-{S-[9,10-dioxa-syn-(methyl, methyl)(methylene,methyl)-bimane]-thioglycolyl}-DL-3-indolelactic acid,were prepared and shown to be good fluorogenic substrates for microdetermination of carboxypeptidase A activity . Bim- Chart 1 in Chart 1.Monobromobimane was treated with thioglycolic acid to give bimane-thioglycolic acid(1).Amide substrates 3 and 4 were obtained by the active ester method from 1 with Ltryptophan or glycyl-L-tryptophan,respectively.The ester substrate 7 was synthesized by the acid chloride method from 1 and indolelactic acid.
In these substrates the fluorescence of the bimane group is intramolecularly quenched by the indole group of tryptophan incorporated in the substrate molecules.However,enzymatic cleavage of the C-terminal tryptophan leads to an increase in fluorescence which can be easily and continuously detected.The relative fluorescence intensities of 3,4 and 7 versus the fluorescence intensities of 1,6 and 1 are 0.05,0.11 and 0.02,respectively(excitation at 399 nm, emission at 483 nm). Table I lists the kinetic constants of the hydrolysis for the bimane substrates(3,4 and 7) by carboxypeptidase A.The kcat values for 3 and 7 are low,but the value for 4 is comparable to the value for the reported fluorogenic substrate,dansylglycyltryptophan, 7 and values of Km for 3, 4, 7 are also comparable to the reported values of carbonaphthoxy and dansyl substrates.5,7 From these kinetic results,in spite of the poorer intramolecular quenching of 4 than 3,substrate 4 was used for examination of the linearity of the relationship between carboxypeptidase A concentration and fluorescence intensity.Substrate 4 can be used to detect as little as around 0.1 nm(3.5 ng/ml)carboxypeptidase A using a substrate concentration of 2.03 x 10-5 M,as shown in Fig.1 .
In the present work we extended the usefulness of the bimane system to fluorogenic substrates for carboxypeptidase A.Compared with other fluorometric assays for carboxypeptidase,the bimane system has several advantages.1)Bimane has a higher fluorescence intensity than naphthol.9)2) Bimane derivatives have a longer excitation maximum wavelength(399 nm)than others(317 nm for carbonaphthoxy substrate,290 nm for dansyl substrate),so that assays with bimane substrates are not subject to interference,although biological materials such as reduced nicotinamide adenine dinucleotide(NADH)display strong intrinsic fluorescence under 330 to 360 nm excitation,giving rise to strong background signals. 10) 3)The bimane system has a constant fluorescence intensity over a wide pH range of 1-9.4)An important advantage of the bimane system is its applicability to exopeptidases such as carboxypeptidase.Although AMC,which is the most popular fluorogenic amine for hydrolytic enzyme substrates,has been successfully applied to endopeptidases and aminopeptidases,it has not yet been applied to carboxypeptidase because of the difficulty of designing enzymatically hydrolyzable bonding between AMC and the amino side of amino acids.
These fluorescence characteristics of the bimane system are expected to be useful for the microdetermination of hydrolytic enzyme activities.Further application to other enzymes such as angiotensin converting enzyme is in progress.
Experimental
All melting points are uncorrected.Infrared(IR)spectra were recorded on a JASCO IRA-1 spectrophotometer in Nujol nulls.Fluorescence measurements were performed with a Hitachi fluorescence spectrophotometer,model 650-60.Ultraviolet(UV)absorption spectra were obtained with a Hitachi 210-10 spectrometer. 9,10-Dioxa-syn-(carboxymethylthiomethyl,methyl)(methyl,methyl)-bimane(1)-A mixture of 386 mg(4.2 mmol)of thioglycolic acid and 424 mg(4.2 mg)of triethylamine was added dropwise to a stirred solution of 1150 mg(4.2 mmol)of 9,10-dioxa-syn-(bromomethyl,methyl)(methyl,methyl)-bimane in 50 ml of acetonitrile. Stirring was continued overnight at room temperature,and the solvent was removed under reduced pressure.Ethyl acetate was added to the residue,then the organic solution was extracted with saturated sodium bicarbonate solution. The combined aqueous extracts were washed with ethyl acetate and then acidified with concentrated hydrochloric acid.The aqueous solution was extracted with ethyl acetate,and the extract was washed with saturated sodium chloride solution and dried over anhydrous sodium sulfate.After removal of the solvent,the residue was 
